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A new myxozoan species Henneguya unitaeniata sp. nov. (Cnidaria:
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Abstract
On the basis of morphological and molecular analyses, a new myxozoan parasite is described from the gills of the fish
Hoplerythrinus unitaeniatus, collected in the municipality of Nova Xavantina, Mato Grosso State, Brazil. Plasmodia of
Henneguya unitaeniata sp. nov. were oval and whitish and were found surrounded by collagen fibers forming plasmodia wall
between gill filaments on the gill arch. The spores were ellipsoidal with two similar polar capsules. Morphometric analysis
showed a total spore mean length of 23.8 ± 1.5 μm, spore body mean length of 14.5 ± 0.7 μm, caudal appendage mean length of
10.3 ± 1.4 μm, thickness mean length of 4.3 ± 0.3 μm, polar capsule mean length of 4.2 ± 0.5 μm, polar capsule mean width of
1.8 ± 0.3 μm, spore mean width of 4.8 ± 0.4 μm, and 4–5 polar filament coils. Phylogenetic analysis showed Henneguya
unitaeniata sp. nov. as a basal species in a subclade formed by myxozoans that parasitize bryconid fishes.
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Introduction

The Neotropical region has approximately 8000 species of
fishes, which is considered the greatest freshwater fish
fauna of the world. Brazil has a large and dense hydro-
graphic network distributed in eight major basins, with a
considerable diversity of fish species (Graça and Pavanelli
2007) . The Ery th r in idae i s a sma l l f ami ly o f
Characiformes, represented by three genera: Erythrinus
Scopoli 1777, Hoplerythrinus Gill 1896, and Hoplias
Gill 1903. Hoplerythrinus includes only three species:

H. cinereus Gill 1858, H. gronovii Valenciennes 1847,
and H. unitaeniatus Agassiz 1829.

Hoplerythrinus unitaeniatus (popularly known as jeju or
aimara) is distributed in South and Central America. This
species is sedentary and occurs in several types of fluvial
and lacustrine environments, especially in shallow water and
near submerged or marginal vegetation. The economic impor-
tance of jeju fish is related to subsistence fishing, being used
as live bait for commercial fishing. Adults of this species are
piscivorous, but juveniles also feed on plankton, crustaceans,
insects, and seeds (Santos et al. 2006; Soares et al. 2011;
Alcântara and Tavares-Dias 2015). Furthermore, this fish spe-
cies is able to make terrestrial incursions seeking to reach
adjacent wetlands (water puddles), which is made possible
by facultative aerial respiration using a broadly vascularized
and spongy swim bladder (Jucá-Chagas 2004; Mariano et al.
2009). Studies on H. unitaeniatus parasite fauna comprise
species of Protozoa, Isopoda, Monogenea, Cestoda,
Nematoda, Digenea, and Acanthocephala (Chambrier et al.
1996; Rocha 2011; Thatcher 2006; Alcântara and Tavares-
Dias 2015). However, there are no reports of myxozoans in-
fecting this fish species.

Myxozoans are microscopic cnidarian parasites, mainly of
fishes, belonging to the Class Myxosporea Bütschili 1881,
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Order Bivalvulida Shulman 1959 (Okamura et al. 2015). The
occurrence of these fish parasites has been intensively studied
mostly due to their pathogenesis (Feist and Longshaw 2006),
which includes reduced respiratory capacity (Adriano et al.
2005), longitudinal compressions of body (Longshaw et al.
2003), intestinal necrosis (Alvarez-Pellitero et al. 2008), de-
generative cardiomyopathy (Yokoyama et al. 2005), and sig-
nificant mortalities in wild and farmed fishes that can lead to
economic losses (Naldoni et al. 2009).

More than 2400 species of myxozoans have hitherto been
described: about 910 species belong to the genus Myxobolus
Bütschili 1882 (Lom and Dyková 2006), and about 200 spe-
cies to the genus Henneguya Thélohan, 1892 (Eiras and
Adriano 2012). In Brazil, approximately 60 Myxobolus spe-
cies and 55 Henneguya species have been described (Vieira
et al. 2017; Abrunhosa et al. 2018).

For many years, the taxonomic classification of
myxozoans was based on morphological characteristics
of spores and plasmodia, host organ, and tissue specificity
(Andree et al. 1999). However, since 1990s molecular
analysis became an important tool to identify and charac-
terize myxozoans species (Andree et al. 1999; Xiao and
Desser 2000; Bartholomew et al. 2008).

During a parasitological survey of H. unitaeniatus,
plasmodia containing myxospores morphologically con-
sistent with Henneguya were observed in the gills. The
main goal of this study was to describe a new myxozoan
species, Henneguya unitaeniata sp. nov., by means of
morphological and molecular data. In addition, we pro-
vide histological details of the plasmodia, analyzing the
pathology caused by the parasite.

Material and methods

Fish collection

In August of 2018, one H. unitaeniatus specimen was
collected in the Nova Xavantina, Mato Grosso State,
Brazil (coordinates 14° 31′ 48.03″ S, 51° 41′ 43.88″
W). The specimen was collected by fishing with bamboo
sticks and euthanized by neural pithing immediately after
capture. The fish was examined within 24 h of capture,
and fresh smears of gills were analyzed in a differential
interference contrast microscope (Leica DMLB 5000,
Leica Microsystems, Wetzlar, Germany) at × 1000 mag-
nification at the Parasitology Department, São Paulo
State University (UNESP), Botucatu. The myxozoans
were collected from the gills for further morphological
and molecular analyses (Vieira et al. 2018). All applica-
ble international, national, and/or institutional guidelines
for the care and use of animals were followed (IBAMA
license 60640-1).

Morphological analysis

Morphological measurements of fresh spores followed the
recommendations of Lom and Arthur (1989): total spore
length, spore length, caudal appendage length, polar capsule
length, polar capsule width, and spore width. Digital images
of more than 30 spores from three plasmodia of
H. unitaeniatus gills were taken at × 1000 magnification, un-
der light microscopy with Leica software application suite
LAS V3.8 (Leica Microsystems).

For histological analysis, the gills were fixed with
Karnovsky’s solution, and dehydration was initiated after-
wards in increasing concentrations of alcohol (× 3 into 70%
for 2 h and 95% for 4 h). The material underwent a resin-
alcohol mixture for 12 h. Finally, the tissue was embedded
in resin (HistoResin, Leica, Germany). The 3-μm sections
were stained with hematoxylin-eosin and then examined un-
der a light microscope.

Molecular analysis

One plasmodium from the gills preserved in absolute ethanol
was used for molecular analysis. DNA isolation was carried
out in accordance with animal tissue protocol of the DNeasy
Blood & Tissue Kit (Qiagen, Valencia, CA, USA). Partial
SSU rDNA gene was amplified using a combination of PCR
and a nested PCR with general eukaryotic and myxozoan
primers (Table 1).

Amplifications were performed on a Peltier 200
Thermocycler (MJ Research, Watertown, MA), with initial
denaturation at 94 °C for 3 min, followed by 28 or 35 cycles
for primary PCR, and 35 cycles for Nested PCR of 94 °C for
40 s, 55 °C for 40 s, 72 °C of 2 min, and a final extension at 72
°C for 10 min. PCR reactions were performed in a 10-μL total
volume, containing 0.625 U GoTaq® Flexi PCR polymerase
(Promega, San Luis Obispo, California, USA), 0.2 mM for
each dNTP, 0.5 μM from each primer, and 10 ng of template
DNA. Nested PCR was performed in a 25-μL volume and
with 150 ng of PCR product as template.

The products of amplification were subjected to elec-
trophoresis at 80 V in a 1.5% agarose gel, stained with
Gel Red, and observed using an ultraviolet transillumina-
tor. The products of interest were purified by adding 2 μL
of ExoSAP-IT® (Affymetrix, Santa Clara, CA, USA) to 5
μL of each PCR product according to the manufacturer’s
recommendations. Amplicon was then sequenced using
PCR and nested PCR primer pairs on a 3500 Genetic
Analyzer capillary sequencer (Applied Biosystems) after
preparation with a BigDye Terminator Cycle Sequencing
Ready Reaction Kit v.3.1 (Applied Biosystems), accord-
ing to the manufacturer’s recommendations.

The consensus sequence was obtained by editing and
assembling the sequences (forward and reverse) using
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BioEdit v.7.0.9 (Hall 2011). The sequence from this study
was compared with other myxozoans sequences available
in GenBank. The newly generated sequence of partial SSU
rDNA was aligned using Geneious version 7.1.3 (Kearse
et al. 2012) with ClustalW algorithm (Larkin et al. 2007)
and default settings with related sequences that appeared
on Blast search. The Bayesian inference (BI) analysis was
per formed us ing MrBayes 3 .1 .2 (Ronquis t and
Huelsenbeck 2003), Markov Chain Monte Carlo
(MCMC) chains were run for 10 million generations and
the log likelihood scores plotted. The “burn in” was set to
25%. Phylogenetic trees were generated and edited in
FigTree v1.4 (Rambaut 2012). Myxidium finnmarchicum
(GQ890672) and Ceratomyxa amazonensis (KX236169)
were used as outgroup. The aligned sequences of
Henneguya species from fishes were compared using
pair-wise distance (p-distance) matrix.

Results

The morphology of the myxospores found on the gills of
H. unitaeniatus corresponded with the genus Henneguya ac-
cording to Lom and Dyková (2006) (Figs. 1, 2, 3). As a con-
sensus of morphological and molecular data, a new
Henneguya species is described.

Description

Henneguya unitaeniata sp. nov. (Figs. 1–3)
Phylum Cnidaria Hatsckek, 1888
Subphylum Myxozoa Grassé, 1970
Class Myxosporea Bütschili, 1881
Order Bivalvulida Shulman, 1959
Family Myxobolidae Bütschili, 1882
Genus Henneguya Thélohan, 1892
Henneguya unitaeniatus sp. nov.

Plasmodia Oval and whitish, measuring 100 μm–500 μm.
Plasmodia were found surrounded by collagen fibers forming
the plasmodia wall between gill filaments on gill arch.

Myxospores Ellipsoidal body with two similarly sized
elongated polar capsules, two equal caudal processes,
and sporoplasm located at posterior pole of spore. Only
mature spores with a unique morphological aspect were
observed within the plasmodia. All spores observed had
caudal processes. In lateral view, the spores body were
fusiform, symmetrical, with a thin suture line at the junc-
tion of two thin valves. Total spore mean length was 23.8
± 1.5 μm, spore body mean length of 14.46 ± 0.75 μm,
caudal appendage mean length of 10.3 ± 1.4 μm, thick-
ness mean length of 4.3 ± 0.3 μm, and spore mean width
of 4.8 ± 0.4 μm. Polar capsules had a mean length of 4.2

Fig. 1 a–b Light photomicrographs of mature spores ofHenneguya unitaeniata sp. nov. from the gills ofHoplerythrinus unitaeniatus. aMature spore of
Henneguya unitaeniata sp. nov. b Mature spores in frontal and side view. Note detail of the polar filament turning inside the polar capsule (highlight)

Table 1 SSU rDNA primers used in this study, sequence, amplicon size, PCR rounds, and reference

Primer Sequence 5′-3′ Amplicon size (bp) PCR round Author

ERIB1 ACCTGGTTGATCCTGCCAG ≈ 1900 1st Barta et al. (1997)

ERIB10 CTTCCGCAGGTTCACCTACG
G

Barta et al. (1997)

MyxGP2F WTGGATAACCGTGGGAAA ≈ 800 Nested Kent et al. (1998)

MyxospecR GGTTCNCDGRGGGMCCAAC Fiala (2006)

Act1R AATTTCACCTCTCGCTGCCA ≈ 900 1st (paired with ERIB1) Hallett and Diamant (2001)

MyxGen4F GTGCCTTGAATAAATCAGAG ≈ 900 1st (paired with ERIB10) Diamant et al. (2004)
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± 0.5 μm and a mean width of 1.8 ± 0.3 μm, with 4–5
polar filament coils (Table 2).

Taxonomic summary

Type-host: Hoplerythrinus unitaeniatus (Actinopterygii:
Characiformes: Erythrinidae).

Type-locality: a stream in the municipality of Nova
Xavantina, Mato Grosso State, Brazil (14° 31′ 48.03″ S 51°
41′ 43.88″ W).

Site of infection: gills, surrounded by collagen fibers
forming the plasmodia wall between gill filaments on gill arch.

Etymology: The epithet specific name (unitaeniata) is de-
rived from the name of the host species.

Material deposited: Hapantotype, glycerogelatin glass
slides containing myxospores were deposited in the collection
of the Nacional Institute of Amazonian Research (INPA),
Manaus, Brazil (INPA53, INPA54).

Gene sequence: 1888 bp of SSU rDNA sequence obtained
from infected H. unitaenuatus gills (GenBank: MN273520).

Morphometric analysis

H. unitaeniata sp. nov. differed from the Henneguya spe-
cies reported in other characiform species from Brazil
(Tables 2 and 3). Among the 17 species included in the
comparison, nine species have been reported from the
gills. The species most resembling H. unitaeniatus was
H. rotunda (Moreira et al. 2014b), which has a total spore
length similar to the Henneguya found in this study (23.8
± 1.5 vs 23.6 ± 1.1). However, it is possible to observe a
difference when comparing the caudal appendage length
(10.3 ± 1.4 vs 16.4 ± 1.2).

When compared with species that infect other organs, the
species that most resembled the new species was
H. testicularis, but differences were observed in total spore
length (23.8 ± 1.5 vs 27.5). Henneguya unitaeniata sp. nov.
was also compared with H. malabarica, the only myxozoan
species infecting fishes of the Erythrinidae. However, mean
size differences were found in all observed parameters. When
compared with Henneguya species from other geographical
regions, the species that most closely resembled Henneguya
unitaeniata sp. nov. was H. yunnanensis Ma, Wang & Cai,
1986. However, H. yunnanensis has a body length of 10.4
(8.8–12.8), which is smaller when compared with H.
unitaeniata sp. nov. (14.5 ± 0.7).

All other species that were compared did not show mor-
phological or morphometric characteristics resembling
H. unitaeniata sp. nov. At least one morphometric feature,
or the number of turns of the polar filament (varying at least
3 turns) of the species abovementioned, differed in compari-
son with the new species.

Fig. 2 Schematic illustration of Henneguya unitaeniata sp. nov.
myxospore

Fig. 3 Photomicrograph of histological section of gills from
Hoplerythrinus unitaeniatus infected with plasmodia within spores of
Henneguya unitaeniata sp. nov. Note the gill filaments (GF), collagen
fibers (CF), gill filament arch (GA), and the presence of plasmodia (P) in
basefilamental position throughout the gill arch
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Molecular and phylogenetic analyses

A fragment of the SSU rDNA gene was amplified (1888-
bp long) from spores infecting the gills of H. unitaeniata
(GenBank: MN273520). The new partial sequence obtain-
ed did not match with myxozoans partial sequences avail-
able in GenBank, according to the Blast search. The closest
species was Myxobolus batalhensis (MF361090), which
showed 85.1% of similarity and difference of 281 nucleo-
tides. A similarity matrix of the SSU rDNA gene sequences
from Henneguya species showed that the smallest genetic
distance (pair-wise distance) was 0.216 compared with
H. basifilamentalis (EU732604), and the largest was
0.337 compared with Henneguya ovata (KY996557). The
isolates used for Bayesian inference (BI) analysis (Table 4)
demonstrated two paraphyletic main clades. The new spe-
cies clustered with Myxobolus species from Brazilian sal-
monid and bryconid fishes (Fig. 4).

Histopathology

Histological analysis of infected gills of H. unitaeniatus
showed that the plasmodia were of interlamellar type and
occurred surrounded by collagen fibers, forming the
plasmodia wall between gill filaments on gill arch (Fig.
3). The parasite caused stretching of the epithelium with
accentuated deformation, as well as compression of cap-
illary and adjacent tissues. The developmental stages of
the parasite occurred in the basifilamental region (Molnár
2002); the plasmodia occupied the entire extent of gill
lamellae and produced marked dilation and discreet epi-
thelial hyperplasia. The extensive dilation of infected la-
mellae caused displacement and deformation of neigh-
boring lamellae. No inflammatory reaction was observed
in infected gills.

Discussion

In Brazil, approximately 37 Henneguya species have
been reported parasitizing gills of fishes (Eiras 2002;
Azevedo et al. 2013; Abrunhosa et al. 2018). From

those, 21 Henneguya species parasitize freshwater
characiforms (Casal et al. 2017). However, no previous
Brazilian studies have reported infection with a
myxozoan parasite in H. unitaeniatus.

The morphological characteristics of H. unitaeniata
sp. nov. are consistent with those of the genus
Henneguya, including spores with a fusiform to ellipsoi-
dal elongated body, two elongated bifurcated caudal pro-
jections, sporoplasm with two nuclei, and two polar cap-
sules (Eiras et al. 2004; Lom and Dyková 2006). The
main difference among Henneguya unitaeniata sp. nov.
and other Henneguya species is the position of plasmodia
on the gill filament arch. Most of the known species
infect either the gill filaments or gill lamellae (Eiras
et al. 2005), but some species such as Henneguya
basif ilamentalis Molnár et al . 2006, Myxobolus
basilamellaris Lom and Molnár 1983, and Myxobolus
lamellobasis Molnár et al. 2014 develop at the basal part
of gill filaments or inside the cartilaginous gill arch
(Lom and Molnár 1983; Molnár et al. 2006; Molnár
et al. 2014). This development resulted in the formation
of large plasmodia at the basal part of gill filaments in
all these species, including H. unitaeniata sp. nov.
Moreover, the overall morphometric analysis of the new
species demonstrated that it is different from all other
Henneguya spp. from Brazilian characiforms (Table 2).
Henneguya rotunda (Moreira et al. 2014a) is considered
the smallest Henneguya species described from Brazilian
characiforms, but Henneguya unitaeniata sp. nov.
showed a smaller mean of caudal appendage length.

During the last decade, a large number of myxozoan para-
sites have been molecularly characterized, including those
parasitizing Brazilian fishes (Casal et al. 2017; Vieira et al.
2017; Vieira et al. 2018). The phylogenetic tree obtained for
Brazilian myxobolids comprised three clades: two clades of
characiform hosts and one clade of siluriform hosts, with some
exceptions (Casal et al. 2017; Abrunhosa et al. 2018). The
phylogenetic analyses from this study showed a similar result,
with Henneguya unitaeniata sp. nov. clustering with other
species from characiforms.

Myxozoa is known to be a paraphyletic and polyphyletic
taxon (Casal et al. 2017; Vieira et al. 2017; Abrunhosa et al.

Table 2 Morphometric
characteristics of the Henneguya
unitaeniata sp. nov. spores
reported infecting Hoplerythrinus
unitaeniatus gills from Mato
Grosso State, Brazil

SL (μm) PCL (μm) CAL (μm) TSL (μm) SW (μm) PCW (μm) T (μm)

MEAN 14.5 4.2 10.3 23.8 4.8 1.8 4.3

SP 0.7 0.5 1.4 1.5 0.4 0.3 0.3

MAX 15.6 5.4 13.2 25.8 5.7 2.2 4.8

MIN 13.2 3.3 7.4 20.1 4.3 1.3 3.8

SD, standard deviation;MAX, maximummeasure;MIN, minimummeasure; SL, spore length; PCL, polar capsule
length; CAL, caudal appendage length; TSL, total spore length; SW, spore width; PCW, polar capsule width; T,
thickness (T)
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Table 4 Hosts and GenBank
accession numbers for the SSU
rDNA sequences of Myxobolus
spp., Henneguya spp. and
outgroup used in the phylogenetic
analyses (except the sequence
from this study)

Species Host Accession number (Genbank)

Myxobolus alvarezae Aspius aspius FJ716097
Myxobolus voremkhai Pelteobagrus fulvidraco KY229919
Myxobolus physophilus Pelteobagrus fulvidraco KY421105
Myxobolus prochilodus Prochilodus lineatus KR528450
Myxobolus curimatae Prochilodus costatus KP120979
Myxobolus porofilus Prochilodus lineatus KR528449
Myxobolus batalhensis Salminus hilarii MF361090
Myxobolus aureus Salminus brasiliensis KF296348
Myxobolus piraputangae Brycon hilarii KF296351
Myxobolus umidus Brycon hilarii KF296350
Myxobolus axelrodi Paracheirodon axelrodi KU936090
Myxobolus figueirae Phractocephalus hemioliopterus MG181226
Henneguya mystusia Hemibagrus nemurus EU732603
Henneguya basifilamentalis Hemibagrus nemurus EU732604
Myxobolus cf. colossomatis Piaractus mesopotamicus KF597017
Henneguya sp. 4 Perca fluviatilis KY172851
Henneguya eirasi Pseudoplatystoma reticulatum KF296355
Henneguya laseeae Pylodictis olivaris KX354352
Henneguya rotunda Salminus brasiliensis KJ416130
Henneguya ovata Trachinotus ovatus KY996557
Henneguya lateolabracis Lateolabrax sp. AB183747
Henneguya cynoscioni Cynoscion nebulosus JN017203
Henneguya tunisiensis Symphodus tinca GQ340975
Henneguya mautiraniensis Pagrus caeruleostictus JQ687060
Myxobolus khaliji Acanthopagrus bifasciatus KC711053
Henneguya yokoyamai Acanthopagrus schlegelii AB693053
Myxodium finnmarchicum Merlangius merlangus GQ890672
Ceratomyxa amazonensis Symphysodon discus KX236169

Fig. 4 Bayesian inference (BI) phylogenetic tree based on partial SSU
rDNA sequences showing the position ofHenneguya unitaeniata sp. nov.
among other myxozoans from fishes. The scale-bar indicates the

distances in substitutions per site. Numbers at nodes represent Bayesian
posterior probability gaining more than 0.5 posterior probabilities
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2018; Vieira et al. 2019; Li et al. 2019), with affinity between
Henneguya spp. and Myxobolus spp., which was also ob-
served in this study. Although some Myxobolus spp. have
the capacity to develop spore projections, which is the only
morphological difference between the genera Myxobolus and
Henneguya, it is not yet possible to state that they are both the
same genus (Li et al., 2019). It is known that habitat, host, and
site of infection are considered determining factors to the ge-
netic evolution of myxozoan parasites, being reflected in the
taxonomic level of order, family, and genera. Therefore, the
arrangement of species belonging to the Myxobolidae is de-
termined by the aquatic environment and host classification,
which accounts for the lack of clades containing only
Myxobolus or Henneguya species (Casal et al. 2017;
Abrunhosa et al. 2018).

The phylogenetic tree clearly distinguishes Henneguya
unitaeniata sp. nov from the other Henneguya spp. depos-
ited in GenBank. The new species was placed close to the
Myxobolus species: M. umidis (KF296350) from the
spleen of Brycon hilarii, M. piraputangae (KF296851)
from the kidney of B. hilarii, M. aureus (KF296348) from
the liver of Salminus braziliensis, and M. batalhensis
(MF361090) from the ovaries of S. hil lari i , a l l
characiform hosts. This arrangement further corroborates
the effectiveness of the SSU rDNA gene for phylogenetic
analyses of relationships among myxozoans.

Conclusion

The present study describesHenneguya unitaeniata sp. nov., a
myxobolid parasite of the characiform host H. unitaeniatus,
from Mato Grosso State, Brazil, based on morphological,
morphometric, and molecular analyses. This study contributes
to the study of the biodiversity of myxozoans parasites of fish
in Brazil, describing a species that forms plasmodia in an
unusual site in the gills. Also, it is the first report of a
myxozoan infecting H. unitaeniatus.
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